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ABSTRACT 

Background: Alcohol consumption is a known risk factor for cancers of the mouth, esophagus, liver, colon, and 
breast. In this study, we examined the association between alcohol consumption and digestive cancer mortality in 
Korean men and women. 

Methods: A cohort of 6291 residents of Kangwha County who were aged 55 years or older in March 1985 were 
followed to 31 December 2005 — a period of 20.8 years. We calculated the relative risks of cancer mortality with 
respect to the amount of alcohol consumed. Cox proportional hazard model was used to adjust for age at entry, 
smoking, ginseng intake, education status, and pesticide use. 

Results: In men, the risks of mortality from esophageal cancer (relative risk [RR], 5.62; 95% confidence interval 
[CI], 1.45-21.77) and colon cancer (RR, 4.59; 95% CI, 1.10-19.2) were higher among heavy drinkers, as compared 
with abstainers. The risks of mortality from colon cancer and bile duct cancer rose with increasing alcohol 
consumption; these trends were positive and statistically significant (P - 0.04 and P = 0.02, respectively). When 
participants were stratified by type of alcoholic beverage, soju drinkers had higher risks of mortality from esophageal 
cancer and colon cancer than makkoli drinkers. In women, the risk of digestive cancer mortality was higher among 
alcohol drinkers than abstainers, but this difference was not statistically significant. 

Conclusions: Alcohol consumption increases mortality from esophageal cancer and colon cancer in men. 
Key words: alcohol consumption; digestive cancer; cohort study; mortality 



INTRODUCTION 

The proportion of Korean adults who drink alcohol is among 
the world's highest 1 and is increasing — from 45.8% in 1989 to 
59.2% in 2005. 2 According to The Third Korea National 
Health and Nutrition Examination Survey (NHANES) in 
2005, in which a heavy drinker was defined as a person who 
drinks more than 6 glasses or 60 grams of soju "for men" or 
more than 4 glasses or 40 grams of soju "for women" at least 
once a week, 46.3% of men and 9.2% of women were heavy 
drinkers in Korea. 2 Soju is a distilled alcoholic beverage 
native to Korea, and is similar to liquor or Japanese shochu; 
makkoli is an unfiltered alcoholic beverage, also native to 
Korea. In 1985, at the time the Kangwha Cohort survey 
began, the pure alcohol content was 25% for soju and 6% for 
makkoli?' 4 

Numerous studies have shown that alcohol consumption 



is associated with risks of oral cancer, esophageal cancer, 
liver cancer, colon cancer, and breast cancer. 5 " 8 However, a 
few studies reported no relation between alcohol consumption 
and digestive cancer. 9 Other studies have shown that the 
relation between alcohol consumption and cancer differs with 
the type of alcohol consumed. 10 " 12 

Although a very large number of studies on the relation 
between alcohol consumption and the risk of cancer have been 
conducted in various countries, there have been few such 
studies of Korean populations, among whom the prevalence of 
drinking is quite high. We therefore examined the association 
between alcohol consumption and mortality risk from 
digestive cancer over a 20-year follow-up period in a 
Korean population, the Kangwha cohort. We also explored 
whether the association differed according to the type of 
alcoholic beverage consumed, as was the case in previous 
studies. 
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METHODS 

Study population 

This study used data from the Kangwha Cohort, which 
was formed in March 1985. 13 Kangwha County consists of 
several islands approximately 50 km west from Seoul. The 
population of the county was 71 116 in 1993. 14 The number of 
Kangwha County residents aged 55 years or older in February 
1985 was 9378. Among them, 67.9%, or 6372 residents, 
participated in the interview and measurements of blood 
pressure and body mass. All those with missing information 
on alcohol intake at entry (n = 51) or who were not followed 
up after the initial survey (n = 30) were excluded. Thus, 
the final study population recruited was 6291 (2696 men, 
3595 women). The Institutional Review Board of Human 
Research of Yonsei University approved the study (Approval 
No. 4-2007-0182). 

Baseline data collection and follow-up 

The primary survey for the Kangwha Cohort was conducted 
over 1 month in March 1985. Each subject was interviewed 
using a structured questionnaire requesting information on 
demographic characteristics, including education, occupation, 
health condition at baseline, health behaviors, diet, and 
other factors. Blood pressure, height, and weight were 
measured by trained investigators. With regard to chronic 
disease, study subjects were asked to answer yes or no to the 
question, "Do you have any chronic disease, past accident, 
or injury that makes you uncomfortable in your daily life, 
including work?" If the participant answered yes, trained staff 
asked the subject about the type of disease or injury and 
recorded the relevant data. A total of 801 subjects reported 
neuralgia, 304 dyspepsia, 655 hypertension, 134 stroke, 104 
arthritis, 104 diabetes mellitus, 287 dyspnea, 75 traffic 
accident, 94 lumbago, and 335 reported other conditions. 
In the present analysis, however, only information on the 
presence of chronic disease (ie, yes or no) was used as a 
covariate for analysis. The study subjects were followed 
up until 31 December 2005; thus, the maximum period of 
follow-up was 20.8 years. 

Outcome assessment 

Deaths among subjects from 1 January 1992 through 31 
December 2005 were confirmed by matching information 
with death records from the National Statistical Office. 
Follow-up was performed through record linkage at the 
national level and was complete, except for the case of 
emigrants. Data for those who died from 15 March 1985 
through 31 December 1991 were collected either through calls 
or visits of trained surveyors twice a year or from records of 
burial and death certificates at eup and myeon offices, which 
are administrative branch offices of local governments in 
Korea. 

The main outcome variables for this study were cause- 



specific cancer deaths as defined by The International 
Classification of Disease, 10th edition (C00-C99). 

Estimation of alcohol consumption 

Study participants were asked to answer the question, "Do you 
drink alcohol" (yes or no). The frequency of drinking was 
recorded as daily, almost daily, 2 to 3 times a week, 1 to 4 
times a month, or 4 to 12 times a year. The question regarding 
the type of alcoholic beverage and the amount of alcohol 
consumed was, "How much (in bottles or glasses) do you 
drink of a type of alcoholic beverage?" Participants were also 
asked to provide a numerical answer to the question, "When 

did you start drinking? Answer: From years ago (from _ 

years of age)." 

Pure alcohol content and the bottle volume of each type 
of alcoholic beverage were determined based on data from 
the year 1985. 3 Weekly alcohol consumption (grams) was 
estimated by multiplying the amount of alcohol consumed 
on 1 occasion (mL) by the pure alcohol content in the 
particular type of alcoholic beverage, the frequency of 
drinking per week, and the specific gravity of alcohol. A 
different weight was given to each frequency of drinking 
(daily: 7.0; almost daily: 5.5; 2-3 times a week: 2.5; 1-4 times 
a month: 0.625; 4-12 times a year: 0.163; nondrinking: 0). 15 
Alcohol was assumed to have a specific gravity of 0.785. 
When a participant reported consuming 2 types of alcoholic 
beverage, and both types of alcohol were consumed on 1 
occasion, the weekly alcohol consumption for each type was 
estimated and the larger alcohol consumption value was used 
in the analysis. 

Statistical analysis 

Study participants were divided into drinkers and nondrinkers 
and analyzed for the association between alcohol consumption 
and the risk of cancer mortality. They were further divided 
by the amount of alcohol consumed, in order to examine 
the dose-response relationship among subgroups. The male 
drinking group was subdivided into textiles: low alcohol 
consumption (<138 g/week), moderate alcohol consumption 
(<540 g/week), and high alcohol consumption (>540 g/week), 
whereas the female drinking group, which was small, was 
subdivided by the median into low alcohol consumption 
(< 12 g/week) and high alcohol consumption (> 12 g/week) 
subgroups. Because there might be a difference in the risk 
of mortality between men and women, all analyses were 
stratified by sex. We used Cox proportional hazard model 
to test whether mortality risk — after adjustment for age 
(continuous), history of disease (ever, never), smoking habit 
(never, past, current smoker), ginseng intake (none, rarely, 
often, very often), pesticide use (user, nonuser), body mass 
index, and education status (none, elementary school, and 
high school) — differed according to the amount of alcohol 
consumed. All analyses were performed with SAS version 9.1 
for Microsoft Windows. 



J Epidemiol 2010;20(3):204-211 



206 



Alcohol Consumption and Cancer 



Table 1. Baseline characteristics of alcohol drinkers and nondrinkers in the Kangwha cohort (1985-2005) 







Men 






Women 




Characteristics 


Drinkers 


Nondrinkers 


for x 2 


Drinkers 


Nondrinkers 


rorx 2 




(n = 1757) 


(n = 939) 


value 


(n = 364) 


(n = 3231) 


value 




Mean ± SD 


Mean ± SD 




Mean ± SD 


Mean ± SD 




Age, years 


65.7 ±6.9 


67.4 ± 7.8 


5.44 a 


66.6 ±7.9 


67.1 ± 8.6 


1.09 


Body mass index, kg/m 2 


22.6 ±20.3 


22.8 ±23.3 


0.28 


23.6 ±24.6 


24.7 ±31.4 


0.77 




n (/o) 


n /O/ \ 

n (/ 0 ) 




n (Of \ 

n (/o) 


n (/ 0 ) 




Chronic disease 






0.34 






3.76 


Ever 


790 (45.0) 


434 (46.2) 




200 (55.0) 


1602 (49.6) 




Never 


967 (55.0) 


505 (53.8) 




164 (45.0) 


1629 (50.4) 




Education 






2.693 






0.43 


None 


721 (41.0) 


372 (39.7) 




296 (81.3) 


2609 (80.8) 




Elementary 


906 (51.6) 


480 (51 .2) 




65 (17.9) 


582 (18.0) 




High 


130 (7.4) 


86 (9.1) 




3 (0.8) 


39 (1.2) 




Smoking 






105.7 3 






222 a 


Current 


1409 (80.2) 


593 (63.2) 




194 (53.3) 


613 (19.0) 




Never 


228 (13.0) 


267 (28.4) 




162 (44.5) 


2546 (78.8) 




Former 


120 (6.8) 


79 (8.4) 




8 (2.2) 


72 (2.2) 




Ginseng intake 






6.8 






9.04 b 


None 


520 (29.7) 


320 (34.4) 




193 (54.2) 


1552 (48.4) 




Rarely 


875 (49.9) 


435 (46.7) 




128 (36.0) 


1389 (43.3) 




Often 


284 (16.2) 


135 (14.5) 




24 (6.7) 


207 (6.5) 




Very often 


73 (4.2) 


41 (4.4) 




11 (3.1) 


58 (1 .8) 




Pesticide use 






11. 5 a 






4.4 b 


User 


1209 (68.8) 


584 (62.3) 




83 (22.8) 


590 (18.3) 




Nonuser 


548 (31.2) 


354 (37.7) 




281 (77.2) 


2641 (81.7) 





a P< 0.01. 
b P < 0.05. 



Table 2. Number of deaths and adjusted 3 relative risks of death from all digestive cancers and site-specific cancers among 
alcohol drinkers in the Kangwha cohort (1985-2005) 


Type of cancer 


ICD 10 


Men 






Women 


No. of Deaths 


RR (95% CI) 


No. of Deaths 


RR (95% CI) 


All digestive cancers 
Esophageal cancer 
Stomach cancer 
Liver cancer 
Colon cancer 
Rectal cancer 
Colorectal cancer 
Bile duct cancer 
Pancreatic cancer 


C15-C26 

C15 

C16 

C22 

C18 
C 19-20 
C 18-20 

C24 

C25 


230 
19 
99 
36 
17 

9 
26 

9 
15 


1.23 (0.92-1.64) 

2.86 (0.82-10.1) 
1.11 (0.72-1.71) 
0.83 (0.41-1.65) 
2.85 (0.80-10.2) 
0.94 (0.23-3.87) 

1.87 (0.74^.76) 
2.11 (0.43-10.4) 
7.90 (1.03-60.6) 


130 
3 
52 
19 
12 
4 
16 
8 
14 


1.40 (0.83-2.36) 

1.64 (0.75-3.62) 
2.13 (0.65-6.98) 

2.35 (0.19-28.6) 
0.65 (0.08-5.40) 
7.39 (1.71-31.9) 



a Adjusted for age (year of recruitment), history of chronic disease, smoking habit, ginseng intake, pesticide use, body mass index, and education 
status, using the Cox proportional hazard model. 
Abbreviations: RR, relative risk; CI, confidence interval. 



RESULTS 

The sociodemographic characteristics of alcohol drinkers 
and nondrinkers are shown in Table 1. The majority of 
participants were older than 65 years; the mean (standard 
deviation) age of men and women was 66.3 (7.2) and 66.9 
(7.1), respectively. On average, alcohol drinkers were younger 
than nondrinkers. Smoking was associated with alcohol 
drinking, ie, alcohol drinkers, both male and female, were 



more likely to be current smokers. Pesticide use was also 
associated with alcohol drinking. 

During the 20.8 years of follow-up, 227 men and 128 
women died from digestive cancer. Table 2 shows the 
relative risks of mortality from site-specific cancers in 
men and women. As compared with male nondrinkers, male 
alcohol drinkers had elevated risks of mortality from cancers 
of the esophagus, colon, bile duct, and pancreas but, with 
the exception of pancreatic cancer, these risks were not 
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Table 3. Number of deaths and adjusted 3 relative risks of death from all digestive cancers and site-specific cancers among men, 
by amount of alcohol consumed weekly 



Alcohol consumption 



Type of cancer Nnn „ Low Moderate High 

= QA7\ (<138g/week) (<540g/week) (>540g/week) P for trend 

(n 9 ' (n = 650) (n = 538) (n = 561) 



All digestive cancers 



No. of cases 


71 


60 


44 


55 




RR (95% CI) 


1.00 


1.18 (0.83-1.69) 


1.06 (0.73-1.56) 


1.26 (0.88-1.82) 


0.26 


Esophageal cancer 












No. of cases 


3 


3 


4 


9 




RR (95% CI) 


1.00 


1.04 (0.17-6.32) 


2.45 (0.53-11.29) 


5.62 (1.45-21.77) 


0.09 


Stomach cancer 












No. of cases 


35 


29 


16 


20 




RR (95% CI) 


1.00 


1.19 (0.71-1.99) 


0.82 (0.45-1.50) 


1.01 (0.57-1.77) 


0.71 


Liver cancer 












No. of cases 


13 


8 


8 


8 




RR (95% CI) 


1.00 


0.91 (0.38-2.22) 


0.94 (0.38-2.28) 


0.79 (0.31-2.01) 


0.11 


Colon cancer 












No. of cases 


3 


4 


4 


6 




RR (95% CI) 


1.00 


1.13 (0.19-6.83) 


2.98 (0.65-13.7) 


4.59 (1.10-19.2) 


0.04 


Rectal cancer 












No. of cases 


3 


4 


0 


2 




RR (95% CI) 


1.00 


1.86 (0.41-8.45) 




1.01 (0.16-6.25) 


0.75 


Colorectal cancer 












No. of cases 


6 


8 


4 


8 




RR (95% CI) 


1.00 


1.57 (0.50^1.91) 


1.33 (0.37-4.82) 


2.61 (0.88-7.78) 


0.14 


Bile duct cancer 












No. of cases 


3 


2 


2 


3 




RR (95% CI) 


1.00 


1.67 (0.23-12.0) 


2.01 (0.28-14.6) 


3.06 (0.49-19.1) 


0.02 


Pancreatic cancer 












No. of cases 


2 


6 


3 


5 




RR (95% CI) 


1.00 


4.68 (0.94-23.4) 


2.77 (0.46-16.9) 


3.77 (0.68-21.0) 


0.48 



a Adjusted for age (year of recruitment), history of chronic disease, smoking habit, ginseng intake, pesticide use, body mass index, and education 
status, using the Cox proportional hazard model. 
Abbreviations: RR, relative risk; CI, confidence interval. 



statistically significant. In women, alcohol drinkers had a 
higher risk of mortality from bile duct cancer than did 
nondrinkers (RR, 7.39; 95% CI, 1.71-31.9). 

Table 3 shows the male participants' relative risks of 
mortality from all digestive cancers and site-specific cancers, 
according to the amount of alcohol consumed (none, low, 
moderate, high). As compared with no alcohol consumption, 
high alcohol consumption was associated with a significantly 
higher risk of mortality from esophageal cancer and colon 
cancer: the relative risk (95% CI) of mortality was 5.62 
(1.45-21.77) for esophageal cancer and 4.59 (1.10-19.20) for 
colon cancer. In cases of colon cancer and bile duct cancer, the 
risk of mortality significantly increased with rising frequency 
of drinking (P for trend = 0.04 and 0.02, respectively). 

Table 4 shows the results of the same analysis for women. 
An increased risk for all digestive cancers was observed in the 
high alcohol consumption subgroup, but the association was 
not statistically significant. However, there was a significantly 
elevated risk for stomach cancer in the high alcohol 
consumption subgroup. 

We conducted a stratified analysis by type of alcoholic 
beverage consumed by men. Table 5 shows the relative risks 



of mortality from all digestive cancers and site-specific 
cancers by amount of alcohol consumed among male soju 
drinkers. In the high alcohol consumption subgroup, mortality 
risks for esophageal cancer and colon cancer were greater than 
those for other digestive cancers: the RR (95% CI) was 6.98 
(1.62-30.0) for esophageal cancer and 5.26 (1.10-25.2) for 
colon cancer. Among male makkoli drinkers, the associations 
were similar, but weaker (data not shown). 

DISCUSSION 

In an analysis of data obtained from the Kangwha Cohort, 
comprising people aged 55 years or older in 1985, there was 
no significant association between alcohol consumption and 
the risk of mortality from all digestive cancers. However, 
there were associations between alcohol consumption and 
site-specific cancer mortality from esophageal, colon, and 
pancreatic cancers. 

The risk of mortality from esophageal cancer markedly 
increased among men as alcohol consumption rose; the risk 
was significantly elevated in the high alcohol consumption 
subgroup. These results confirm those of recent studies 
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Table 4. Number of deaths and adjusted 3 relative risks of death from all digestive cancers and site-specific cancers among 
women, by amount of alcohol consumed weekly 



Alcohol consumption 



Type of cancer Nnnp Low High 

. " (<12g/week) (>12g/week) P for trend 

(n 6ZM ' (n=179) (n = 182) 



All digestive cancers 



No. of cases 


112 


8 


10 




RR (95% CI) 


1.00 


1.15 (0.53-2.51) 


1.63 (0.83-3.19) 


0.20 


Stomach cancer 










No. of cases 


45 


2 


6 




RR (95% CI) 


1.00 


0.86 (0.20-3.60) 


2.59 (1.06-6.33) 


0.38 


Bile duct cancer 










No. of cases 


15 


3 


1 




RR (95% CI) 


1.00 


8.21 (1.53-43.9) 


7.01 (0.77-63.6) 


0.43 


Liver cancer 










No. of cases 


5 


2 


1 




RR (95% CI) 


1.00 


3.49 (0.94-13.0) 


1.06 (0.13-8.47) 


0.99 



a Adjusted for age "year of recruitment" the history of chronic disease, smoking habits, ginseng intake, pesticide use, body mass index, and 
education status, using the Cox proportional hazard model. 
Abbreviations: RR, relative risk; CI, confidence interval. 



Table 5. Number of deaths and adjusted 3 relative risks of death from all digestive cancers and site-specific cancers among male 
soju b drinkers, by amount of alcohol consumed weekly 



Amount of alcohol consumed in the form of soju 



Type of cancer Nnn „ Low Moderate High 

= QA7\ (<138g/week) (<540g/week) (>540g/week) P for trend 

(n ' (n = 315) (n = 340) (n = 341) 



All digestive cancers 



No. of cases 


71 


32 


29 


36 




RR (95% CI) 


1.00 


1.30 (0.85-1.99) 


1 .06 (0.68-1 .65) 


1.35 (0.89-2.05) 


0.40 


Esophageal cancer 












No. of cases 


3 


2 


2 


6 




RR (95% CI) 


1.00 


2.14 (0.35-13.0) 


2.07 (0.33-12.9) 


6.98 (1.62-30.0) 


0.14 


Stomach cancer 












No. of cases 


33 


15 


9 


14 




RR (95% CI) 


1.00 


1.28 (0.68-2.38) 


0.69 (0.32-1 .45) 


1.15 (0.60-2.19) 


0.93 


Liver cancer 












No. of cases 


13 


6 


7 


6 




RR (95% CI) 


1.00 


1 .28 (0.48-3.42) 


1.23 (0.48-3.13) 


0.91 (0.32-2.61) 


0.77 


Colon cancer 












No. of cases 


3 


2 


2 


4 




RR (95% CI) 


1.00 


2.14 (0.35-13.2) 


2.27 (0.36-14.2) 


5.26 (1.10-25.2) 


0.08 


Rectal cancer 












No. of cases 


3 


1 


0 


1 




RR (95% CI) 


1.00 


0.90 (0.09-8.94) 




0.81 (0.08-8.28) 


0.33 


Colorectal cancer 












No. of cases 


6 


3 


2 


5 




RR (95% CI) 


1.00 


1.49 (0.37-6.11) 


1.01 (0.20-5.15) 


2.77 (0.80-9.54) 


0.25 


Bile duct cancer 












No. of cases 


3 


0 


1 


2 




RR (95% CI) 


1.00 




1.27 (0.11-14.9) 


2.21 (0.28-17.5) 


0.12 


Pancreatic cancer 












No. of cases 


2 


3 


3 


3 




RR (95% CI) 


1.00 


4.53 (0.74-27.6) 


4.20 (0.68-26.0) 


4.26 (0.68-26.6) 


0.27 



a Adjusted for age (year of recruitment), history of chronic disease, smoking habit, ginseng intake, pesticide use, body mass index, and education 
status, using the Cox proportional hazard model. 

b Soju is a distilled alcoholic beverage native to Korea, and is similar to liquor or Japanese shochu. 
Abbreviations: RR, relative risk; CI, confidence interval. 
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reporting that alcohol drinkers had a higher risk of mortality 
from esophageal cancer than nondrinkers. 7 ' 16 It has been 
reported that acetaldehyde, a highly reactive and toxic 
alcohol metabolite, is the carcinogen in alcohol that is 
responsible for esophageal cancer. 17 Acetaldehyde interferes 
with DNA repair machinery and directly inhibits 06 methyl- 
guanyltransferase, an enzyme important for DNA repair. 
Inhalation of acetaldehyde can cause bronchial cancer, as well 
as esophageal cancer. In addition, 2 recent Japanese studies 
reported that alcohol consumption and smoking have a 
synergistic effect on esophageal cancer. 16 ' 18 

There is controversy regarding the effect of alcohol on 
colon cancer risk. A recent cohort study of 14 304 Koreans 
aged 65 or older reported no association between alcohol 
drinking and colon cancer. 19 However, in a meta-analysis 
of 16 cohort studies, high alcohol intake was significantly 
associated with an increased risk of colon cancer. 8 The risk 
of colon cancer rose 15% for every 100-gram increase in 
weekly alcohol intake. In the present study, the risk of 
mortality from colon cancer rose with increasing alcohol 
consumption among men; in the high alcohol consumption 
subgroup, the risk was significantly elevated. 

The risk of pancreatic cancer mortality is also reportedly 
higher among men. In a cohort study of 17 633 US white 
men largely of Scandinavian and German descent who 
had responded to a mailed questionnaire in 1966 and were 
followed-up through 1986 for mortality, the relative risk of 
mortality from pancreatic cancer was 3.1 (95% CI, 1.2-8.0) in 
those who drank 10 or more drinks per month, although the 
dose-response trends among drinkers were not linear. 20 In a 
case-control study of 200 patients with pancreatic cancer, 
however, the risk of pancreatic cancer was lower in current 
drinkers. 21 In the present study, a dose-response trend for the 
risk of mortality from pancreatic cancer was not apparent 
among drinkers. Therefore, we are unable to draw any 
conclusions regarding the association between alcohol 
consumption and the risk of mortality from pancreatic cancer. 

A large meta-analysis showed that heavy alcohol 
consumption increased the risk of liver cancer, although the 
association was not strong. 9 A recent Japanese study reported 
that liver cancer risk was actually lower in a high alcohol 
consumption subgroup. 22 In the present study, there was no 
association between alcohol consumption and the risk of 
mortality from liver cancer. One possible reason for these 
different results among studies is that hepatitis B infection 
was a confounding factor. 22 In Korea, hepatitis B carriers 
accounted for 7% to 10% of the total population in 1980, 23 ' 24 
and approximately 5% since the early 1990s. 25 This is much 
higher than the 0.1% to 0.5% prevalence in the United States 
and Europe. 26 Accordingly, the incidence of liver cancer 
caused by hepatitis B virus infection is also very high in 
Korea. A Korean study examined the etiologic factors of 
hepatocellular carcinoma in 1078 patients with hepatocellular 
carcinoma who visited the National Cancer Center from June 



2001 to December 2003, and found that 800 (74.2%) had 
hepatitis B virus infection, 93 (8.6%) had hepatitis C virus 
infection, 74 (6.9%) had abused alcohol, and 111 (10.3%) had 
non-B, non-C, nonalcoholic cirrhosis. 27 

The lack of a lifetime drinking history in our study might be 
another explanation for our divergent findings. In a recent 
case-control study of a Canadian population, daily drinkers 
with 180 or more drink-years had a 7.9 times higher risk of 
liver cancer than never drinkers; however, the risk of liver 
cancer among daily drinkers was not significantly higher 
when drink-years were not included in the analysis. 28 

Soju drinkers had a higher risk of mortality from esophageal 
cancer and colon cancer than makkoli drinkers. In this study, 
soju drinkers accounted for 53.4% of male drinkers, makkoli 
drinkers for 44.2%, and beer and other alcohol drinkers for 
2.4% (data not shown). Many studies have shown that the risk 
of cancer differs according to the type of alcoholic beverage. 
In a Danish study, wine drinking was not associated with 
upper digestive tract cancer, whereas drinking beer or spirits 
increased the risk. 10 Another study suggested that alcohol 
concentration is a risk factor for oral cancer. 11 In addition, the 
risk of colon cancer was reported to be slightly higher among 
beer drinkers than among wine drinkers. 12 ' 29 

This study has several limitations. First, data on 
alcohol consumption were collected through a questionnaire 
distributed to the Kangwha Cohort of people aged 55 years or 
older. Thus, validity is a concern. However, when another 
Korean study used a questionnaire to collect data on alcohol 
consumption among elderly people in 1998, its reliability and 
validity were found to be high. 30 In addition, a research team 
conducted a second interview/test with 3381 survivors in the 
Kangwha Cohort in 1994. The percentage agreement between 
drinking status data collected in 1985 and those collected in 
1994 was 87% and Cohen's kappa value was 0.697. Thus, 
there was substantial agreement between the 2 datasets. A 
second potential limitation is that alcohol consumption is 
likely to change over a follow-up period of 20 years. Indeed, 
there are many reasons to suppose that drinking patterns 
would change as a population ages. For example, those with 
comorbidities or illnesses may stop drinking. Because the 
present study relied on the baseline data only, caution is 
advised in interpreting the results. However, we do know that 
of 1034 drinkers in 1985, 694 (67.1%) still drank alcohol 
in 1994, and that out of 2147 nondrinkers in 1985, 205 
(9.5%) were drinkers in 1994. The Spearman rank-correlation 
coefficient between the 1985 and 1994 datasets on drinking 
frequency was 0.41, indicating that drinking frequency had 
not greatly changed over 10 years. Third, follow-up of death 
records was different in the 1985-1991 and 1992-2005 
periods. However, there were only 129 (35.7%) cancer deaths 
in 1985-1991, and even when the analysis was limited to data 
on cases from 1992 to 2005 only, the results were similar. 
Fourth, the validity of a cancer diagnosis on death certificates 
was not examined separately. Therefore, the validity of 
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cancer diagnoses made in the late 1980s and early 1990s may 
be limited. However, any misclassification that occurred was 
most likely nondifferential with respect to alcohol 
consumption. Fifth, it is possible that alcohol consumption 
among patients with cancer or chronic diseases was 
underestimated, ie, that their alcohol consumption was 
greater before their illness. However, with regard to 
selection relative to health status, when subjects who died 
during the first 2 years of follow-up were excluded from the 
analysis, the results of the analysis were largely unaffected. 
Sixth, sample sizes were small, with a limited number of 
deaths in some analyses. Analyses of the association between 
soju drinking and cancer mortality may therefore have limited 
statistical power, due to the insufficient number of cases. 
Seventh, the drinking habits of women differed greatly from 
those of men. 31 Because only 10.1% of women were drinkers 
and female heavy drinkers were scarce, we were unable to 
examine the relationship between alcohol consumption and 
mortality in women to the same extent that we had in men. 
Eighth, although alcohol is an established risk factor for liver 
cancer, no significant increase in the risk for liver cancer was 
observed in this study. As mentioned above, hepatitis B may 
be a confounding factor in this association. However, as 
information on hepatitis B infection was not collected in the 
primary survey, adjustment for this potential confounder was 
not possible. Ninth, a very rough classification of smoking 
(current, never, past smoker) was used in the present study 
As the risk of cancer increases with the number of cigarettes 
smoked, there is the possibility of residual confounding. 

In conclusion, as compared with a nondrinking group, the 
risk of mortality from esophageal cancer steadily increased in 
alcohol drinkers as alcohol consumption rose. The risk of 
mortality was significantly increased for colon cancer, and 
was higher for pancreatic cancer as well. However, because 
this study investigated people aged 55 years or older living in 
an agricultural community and only a small number of women 
were drinkers, further studies will need to be undertaken. 
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